As both the bit rate required by applications on mobile devices and the 4 number of those mobile devices are steadily growing, wireless access networks 5 need to be expanded. As wireless networks also consume a lot of energy, it 6 is important to develop energy-efficient wireless access networks in the near 7 future. In this study, a capacity-based deployment tool for the design of energy-8 efficient wireless access networks is proposed. Capacity-based means that the 9 network responds to the instantaneous bit rate requirements of the users ac-10 tive in the selected area. To the best of our knowledge, such a deployment 11 tool for energy-efficient wireless access networks has never been presented 12 before. This deployment tool is applied to a realistic case in Ghent, Belgium 
station by using multiple antennas on one base station (spatial diversity). In [Deruyck 48 et al., 2013] only one single base station was investigated, while in this investigation 49 the influence on the power consumption and energy efficiency of the whole network is 50 investigated. The deployment tool is applied for a dynamic LTE-Advanced deploy-51 ment at 2.6 GHz in a suburban area in Ghent, Belgium.
52
The outline of this paper is as follows: Section 2 discusses the deployment tool. In 2. Design tool for energy-efficient wireless access networks based on required capacity
As mentioned above, the developed tool will respond to the actual requests of users 56 for a certain bit rate. In the first phase, realistic traffic will be generated. In the 57 second phase, the actual network will be developed. 
Phase 1: generating traffic
As traffic usually varies during the day, traffic will be simulated for different time 59 intervals. For each time interval, the maximum number of simultaneous active users 60 is determined, along with the location of each user and his or her requested bit rate.
graph in Fig. 2 shows the evolution of the maximum number of simultaneous active 67 users during the day. These data is obtained from processing measurements [Deruyck 68 et al., 2012b] . [Joseph et al., 2010] and [Gati et al., 2009 ] confirm these results.
69
• Location distribution: the location distribution determines for each user individ-70 ually the location of the user within the considered area.
71
• Bit rate distribution: the bit rate distribution determines for each user individ- 
76
The information saved in the traffic file(s) is then used in the next phase to cre-77 ate an energy-efficient network. Due to the distributions described above, multiple 78 simulations need to be executed for each time interval. To determine how many simu- one parameter, scenarios that influence that parameter will be advantaged.
151
The higher EE, the better the network performs in terms of energy efficiency. When 152 a higher coverage and/or higher capacity and/or higher number of covered users is 153 obtained by the network for the same power consumption, the nominator of Eq. (1) 154 will become higher which will result in a higher value for the energy efficiency metric 155 compared to the network that offers a lower coverage and/or lower capacity and/or 156 a lower number of covered users for the same power consumption. 
160
The users are uniformly spread over the area of interest which results in equidistant 161 discrete samples in both x and y direction. Note, that for another area e.g., an area 162 with a mixture of suburban and rural parts, a different approach could be used as 163 the user density in the suburban part will be higher than in the rural part.
certain time interval and for each scenario, the number of simultaneous active voice
167
and data users will be the same. Although these users are uniformly distributed over 168 the considered area, the requested bit rate at each location will vary from simulation 169 to simulation, depending on which type of user (voice or data) is located on that (for e.g. with three different bit rates), more simulations will need to be performed. Table 1 gives an overview of the chosen value for the different parameters of the 175 LTE-Advanded link budget. We consider an LTE-Advanced network at 2.6 GHz.
Assumptions

176
When applying MIMO, an additional gain, the MIMO gain, is taken into account 177 and is calculated as follows:
with N T x the number of transmitting antennas and N Rx the number of receiving and σEE and the confidence intervals CI P C and CI EE of the power consumption, 
250
For the selected area, carrier aggregation does not result in a lower power consump-251 tion. The same number of base stations (13 for 4-5 a.m. (Fig. 7 (a) and 27 for 252 5-6 p.m. (Fig. 8 (a) 
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Comparing the scenario with MIMO and the scenario with CA shows that intro-326 ducing femtocell BSs supporting MIMO influences the power consumption the most.
327
CI P C when using MIMO is significantly lower than when using CA. Furthermore,
328
the CI P C when using CA is similar to the CI P C when using femtocell BSs supporting MIMO (Tables 2 and 3 ). The CI EE differs significantly between the 341 different scenarios. As CA increases the capacity per BS (Section 4.4), the overall 342 capacity of the network increases, resulting in a high energy efficiency.
343
The best results are obtained when introducing both CA and MIMO. For this sce-344 nario, the consumed power is similar as for the scenario when supporting only MIMO
345
as CI P C overlaps significantly, but the energy efficiency improvement is much higher
346
(CI EE is significantly higher) when supporting both MIMO and CA (1123% for p 50 347 to 1579% for p 95 ) as supporting CA results in a higher capacity per BS and MIMO 348 in a higher range per BS.
349
In general, the highest gains (both power consumption (70% for p 95 ) and energy effi- 
Conclusion
A capacity based deployment tool for energy-efficient wireless access networks is
353
proposed. The tool takes the instantaneous bit rate requirements of the user into 354 account. Appropriate distributions are combined in order to simulate realistic traffic.
355
Based on this tool, the influence on the power consumption and energy efficiency of 0/1578.6 PC = Power Consumption, σ P C = standard deviation of PC, CI P C = confidence interval of PC, ∆ P C = relative PC reduction, EE = energy efficiency, σ EE = standard deviation of EE, CI EE = confidence interval of EE, ∆ EE = relative EE gain. 
